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(54) Poaitionable satellite antenna with reconflguraWe beam 



(57) An antenna system (1 OA), is suitable for use on 
a communication satellite encircling rhe earth, and has 
a reflector (1 B) illuminated by a set of feed elements (22) 
wherein one of the laed elements generates a primary 
beam (30). The reflector (18) Is shaped to establish a 
specific configuration of the beam, and, upon illumina- 
tion ol the earth, there results a specific shape to the 
beam footprint (38). A mechanical positioning device 
(16) connects the antenna with a body {1 4) of the space- 
craft for adjusting an orientation of me feed antenna (12) 



and its beam (30) rolative to the body (1 4) of the space- 
craft. Control circuitry (26) tor adjustment of signal 
strengths and phase shilts of signals sent to respective 
ones of tne feeds (22) la accomplished by electronic cir- 
cuitry including a memory (52) which stores coefficients 
employed in the operation of variable power dividers 
(62) and variable phase shifters (60) ol a feed network 
(40 A) supplying oleetromagnstic signals to the f&ad. 
The memory is addressed to provide a desired correc- 
tion to beam configuration cofr&aponding to a specific 
orientation of the antenna. 
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Description 



[O001J This invention relates to mechanically steera- 
ble antennas, suitable (or use on board a communica- 
tions satellite encircling the earth and, mora particularly, 
to an antenna having an array of tead elements illumi- 
nating, a reflector wherein the reileoior is a shaped-beam 
reflector and wherein, upon a repositioning ol the anten- 
na relative to the satellite, there is an adjustment of the 
beam configuration. 

[0002] in the use ol communication satellites, one or 
more antennas on board the satellite direct beams ol 
radiation to selected locations on the earth's surface as 
ihe satellite progresses in a stationary omfl aDout tne 
earth. Based on considerations of communication tral- 
tic it may be desirable to reorient an antenna relative to 
the body of the satellite so as to illuminate another por- 
lion of tne earth's surtax. Each portion of tho sartrVe 
surface to be illuminated is characterized by a desired 
beam footprint designating tho specific aroa of the 
earth's surface wherein are located receiving and/or 
transmitting atatione whioh aro to communicate with th« 
satellite via the antenna. The antenna includes both a 
reflector and an array of feeds which illuminate tho re- 
flector to produce a beam configuration and correspond- 
ing footprint. However, with a repositioning of the anten- 
na to illuminate different regions of the earth, it is desir- 
able frequently to adjust the configuration of tho footprint 
to meet local traffic conditions. 
(0003] By way of example, two antennas on board a 
single satellite may be directed to illuminate various ar- 
eas of the earth's surface in footprints configured to 
overlap odge regions of neighbouring footprints. Or, an- 
tennas carried by different satellites may cooperate by 
illuminating various areas of the earth's surface wherein 
footprints from the beams of the various antennas are 
to overlap slightly at the peripheral regions ot the re- 
spective beam footprints. The configurations of the var- 
ious footprints may vary, depending on the viewing an- 
gles by which the satellite directs the beam to the earth. 
The footprints may vary such that a relatively small pop- 
ulated region o1 the earth may be assigned to one beam. 
A much targor region of the oorth of rslativofy sparse 
population may employ a single antenna covering the 
lArgor region. Therefore, upon a repositioning of a 
beam. It may be necessary to provide for adjustment of 
the beam configuration. 

[0004] U is desirable to be able to adjust tho footprint 
in a generally continuous fashion so as to allow for var- 
ious configurations of footprints which may become de- 
sirable as a result ot shifting patterns of population on 
the earth and shitting demands for the satellite service. 
Prior communication antennas have been inadequate 
in this respect in that their capacity tor alteration of toot- 
print configuration was limited to a relatively small 
number of footprints obtainable by switching various 
leads of a feed network. 

[0005] A problem exists in that presently available 



communication antennas while being mechanically 
steerable do not provide a desired capacity for precise 
adjustment of footprint configuration. 
[0006] The present Invention seeks to Improve the ca- 
5 pability for adjustment ot footprint configuration by 
means of an antenna system suitable for being earned 
by a satellite. 

[0007] According to the invention there Is provided an 
antenna system suitable for being carried on board a 
io satellite travelling about the earth, the antenna system 
including an antenna comprising a reflector and an array 
ot feed elements which Illuminate tne reflector to pro- 
duce a beam of radiation emitted by the antenna, the 
system comprising positioning mean* oporntive to ori- 
16 em the antenna relative to a body of tho satellite for il- 
luminating a desired position of the earth with the beam, 
a beam controller having a feed network for applying sig- 
nals to respective ones of the feed elements, wherein 
the reflector is a shaped reflector operative with the leed 
so olomonts to produce a beam footprint, and the beam 
controller is operative to adjust the configuration ol the 
beam to reconfigure Ihe beam footprint to provide a de- 
sired lootprint on the surface of the earth and the beam 
controller adjusts relative amplitudes and phases of sig- 
£ s nals ted to respective ones of the feed elements. 

[0008] Tho system may include an antenna which 
comprises a reflector illuminated by an array ol feed el- 
ements, the array being much smaller than a diameter 
of the reflector. Typically, the reflector has tho general 
20 shape of a section of an ellipsoid or parabola, by way of 
example, and the reflector is further shaped to provide 
for a specific configuration of beam. Upon deployment 
at a satellite encircling the earth, tho beam configuration 
produces a footprint on the surface ol Ihe earth. 
3s [OOOB] An antenna positioning mechanism is proviaea 
for moving the antenna relative to a body of the space- 
craft. A repositioning of the ooam results in illumination 
of a different portion of the earth's surface with a possi- 
ble consequential nood for an adjustment of tho conl lg- 
40 uration ot tho beam footprint upon the earth's surface. 
The invention provides tor adjustment of the configura- 
tion of the beam configuration. Such adjustment may be 
by wdjuctmont of relative signal ctrongths and for phase 
shifts among signals of elements ol the teed. Due to the 
45 relet iueiy small size ol tho array of feed elements, rela- 
tive to the diameter of the reflector, the primary contri- 
bution to the configuration of the beam is the geometry 
of the reflector. An offsetting in the position of one feed 
element relative to another feed element results in an 
so inclination of their respective beams relative to each oth- 
er Summation of the electric and magnetic fields ol the 
respective beams produces a resultant beam having a 
footprint different from the footprint of any one of the 
beams. Adjustment of the relative phases and/or ampli- 
ss tudes of the signals of the respective feed elements re- 
sults in an adjustment of ihe configuration of the result- 
ant beam to suit a specific situation to be handled by the 
communication satellite. 
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[0010] Beam control circuitry suitable for adjustment 
of the beam configuration typically comprises a aet of 
adjustable power dividers and adjustable phase shifters 
connected in a network tor applying the daelred signals 
to respective onee of the elements of the feed. Adjust- 
ment occurs by multiple steps to approximate a contin- 
uously variable (analog) form of adjustment, operation 
of the power dividers and of the phase shifters may be 
controlled electronically by means of digital coefficients 
stored in a memory wherein specific sets of coefficients 
have been previously established for development of a 
specific beam footprint. New footprint configurations 
can be developed by sensing beam Intensity at various 
locations on the earth's surface and calcufat mg, via sim- 
ulation on a computer, the necessary coefficients for the 
new footprint. These coefficients can then be transmit- 
ted to the satellite for storage in the memory. 
[0011] in order mat the invention and its various other 
preferred features may be understood more easily, 
some embodiments thereof will now ba described, by 
way of example only, with reference to the drawings, in 
which:- 

Fig. t is a stylized view of a satellite encircling the 
earth and carrying an antenna constructed in ac- 
cordance with the invention. 

Fig. 2 is a block diagram showing components of 
the antenna and control circuitry for operation o| the 
antenna, and 

Fig. 3 shows circuitry for driving the elements of the 
antenna. 

[0012J Identically labelled elements appearing in dif- 
ferent ones of the figures refer to the same elemont but 
may not be referenced in the description for all figures. 
[001 3] fig. 1 shows a satellite 1 0 carrying an antenna 
system 10A which includes an antenna 12 anixod to a 
body 14 of the satellite 10 by a positioning mechanism 
16. The positioning mechanism 16 serves to pivot the 
antenna 12 relative to the body 14 to provide for an ori- 
ental son ot me antenna 1 2 in a desired direction roiativo 
to the satellite 1 0, The antenna ) 2 comprises a reflector 
10 nnd an nrrey 20 of food elements 22 which Illuminate 
a front concave side of the reflector 1B. A frame 24 ox- 
tonda from a baeo portion of the reflector 1 fi foe support* 
ing the feed elements 22 at a location at or near a focus 
of the reflector 1 8 and offset from an axis of a main beam 
of the reflector 1 a. The satellite 10 is constructed in con- 
ventional faehion, and Includes electronic circuitry 26 
powered with electric power provided by solar panels 
29 carried by the satellite 10. The electronic circuitry 26 
serves to generate electromagnetic signals radiated as 
a beam 30 from the antenna 1 2. and to control a crosa- 
oectlonal shape of the beam 90, Alternative positions of 
the beam 30 are indicated at 32 and 34, which alterna- 
tive positions result from a pivoting of the antenna 1 2 by 



>S29 A1 4 ^ 

the positioning mechanism 16. 
[0014] The satellite 10 travels in an orbit about the 
earth 38 with the antenna 12 facing the earth for illumi- 
nation of a portion of the earth's surface by the beam 

5 30. In the event that the antenna 12 has bean pivoted, 
Illumination ot another portion of the earth's surface is 
accomplished via the beam 32 or the beam 34 t by Way 
of example. In the illumination ot a portion of the earth's 
surface by the beam 30. an actual footprint 38 of an ii- 

io lumination pattern Is shown in solid line whBe a desired 
configuration ol the footprint is indicated by a dashed 
line at 40. various ground stations 42 are shown at dif- 
ferent locations on the earth's surface for receiving ra- 
diated signals (down-link) transmitted from the 6 at e> Hit© 

is 10. and for transmitting signals (up-link) to the satellite 
10. One of the ground stations 42. namely station 42A 
may be provided with a computer 44 for calculation ot a 
doolred act of oocfrloiama for control of beam erase sec- 
tion, in accordance with the invention, as will be da- 
scribed hero mart or. 

[0015] With reference to Fig. 2, the electronics unit 26 
comprises a load not war k 46 connecting with an assem- 
bly 4B ot the feed elements 22 (or imparting phase and 
amplitude to each of the respective signals that are ap- 
85 plied to various ones ot the feed elements 22. A driver 
50 is responsive to coefficients of phase and amplitude 
storod within a memory 52 for driving variable power di- 
viders and variable phase shifters of the feed network 
46 (as will bo described in Fig. 3) to imparl the desired 
so relative amplitudes and relative phases among the sig- 
nals of thB various feed elements 22. Also included with- 
in the electronics circuitry 26 are a transmit/receive unit 
53 which includes a receiver 64 of up-link signals and a 
transmitter 55 of down-link signals, a command and 
as control receiver 56, and a communications control unit 
58. The roceivers 54 and 56 and the transmitter 55 con- 
nect with me feed assembly 48 via me feed network 46. 
The control unit 58 connects with the command and con- 
trol receiver 56 and the tranornitAoceive unit S3. 
40 [0016] In the operation ot the satellite 10 to provide 
the communications function, the feed network 46 is op- 
o ratlve to pass both up-llnksignals from the feed assem- 
bly 48 to the transceiver 64 »nd down-link signal* from 
the transceiver 54 to the feed assembly 48. The feed 
as network 46 impart* various phases and amplitudes to 
signals of respective ones of the teed elements 22. In a 
manner to be described with reference to Fig. 3, to pro- 
vide a desired cross-sectional configuration to a beam, 
such as the beam 30 (Fig. 1) produced by the antenna 
so 1 2. The transmit/receive unit 53 is operative in response 
to signals of the communications control unit SB for re- 
ceiving up-tink signals in various up-link channels and 
for retransmitting the signals as down-link signals in var- 
ious down-link channels. Included within an up-link sig- 
ss nal transmitted from the ground station 42A (Fig. 1 ) are 
command and control signals to the receiver 56 for op- 
eration of the positioning mechanism 1 6 to direct a spe- 
cific orientation of the antenna 12, for selecting coeffh 
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clonto of the memory 62 to configure » baam such as 
the baam 30, and tor instructing the communications 
oontrol unit BO in the handling of communications traffic. 
[0017] Fig- 3 shows details in the construction of tha 
antenna 12 including also details In the construction of 
the feed network 46 connecting with the feed elements 
22 ol the antenna four ol Instead elements 22 being 
shown by way of example. The feed network 46 com- 
prises a transmit portion 46A and a receive portion 46B. 
The network transmit portion 46A comprises a plurality 
of variable phase shifters (VPS) 60 of which individual 
ones are further identified as 60A, 60B, 60C and 60D, 
and a plurality of variable power dividers (VPD) 62 ol 
which individual ones thereof are further identified as 
62A, 62B and 62C. The array 20 of the teed elements 
22 ia positioned, preferably, at a focal point 64 of the 
reflector IB. Unlike a phased-array antenna wherein the 
radiations of numerous individual food elements are 
summed together with specified phase and amplitude 
tapers to produce a beam In a desired direction, the nv 
Hector 1B serves the Junction ol gathering and collimat- 
tng Ihe rays of radiation emitted by reepeeiive ones of 
the feed elements 22 to produce desired beams of ra- 
diation. Each of the respective feed elements 22 also 
acts with the reflector 18 to produce a baam of radiation, 
four euch boama being shown, by way of onampte, ae 
beams 66 disposed symmetrically about an axis 68 ol 
an array of tho beams. 

[0018] The network receive portion 468 is construct- 
ed in a fashion analogous to the construction of the net- 
work transmit portion 46A, and may include phage shilt- 
ors {not shown) tor setting relative phases among re- 
ceived signals of the feed elements 22. and power com- 
biners (not shown) for combining received signals of the 
various feed elements 22 to form the received beam. In 
order to separate a transmitted signal from a received 
signal for each of tho respective feed elements 22, sig- 
nal separators 70 interconnect respective ones of the 
teed elements 22 with both the transmit portion 46A and 
the receive portion 463 of the network 46. By way of 
example, a signal separator 70 may ba an orthogonal 
mode junction (OMJ) for the case of orthogonally polar- 
ized transmit and received signals, or a dipiexer in the 
case of copolarized signals. 

[O01S] The electric and the magnetic fioldo. of respec- 
tive ones of the beams 66 sum together in the far field 
of the reflector 1 6 to produce a baam, such as the beam 
30 in Fig. 1 , having a desired cross-sectional configura- 
tion. For forming the beam 30, the radiating aperture of 
the reflector 1 8 Is greater than the radiating aperture of 
the toad array 20, at taaet by a factor ot approximately 
ten for improved directivity of the beam 30. a factor in 
the range of 60-100 being used In a preferred embodi- 
ment of the invention. Adjustment of relative phases and 
amplitude of the signals emitted by aach of the feed el- 
ements 22, with respect to each other effects the sum- 
mation of the electric and magnetic fields of the beams 
66 for control of the cross-sectional configuration of the 



resulting beam 30. 

[0020] The operation of the feed network 46 may be 
described with respect to the transmission of a down- 
link signal via the network transmit portion 46A. In the 
B transmission of a down-link signal, a transmitter B6 out- 
puts the down-link signal to power divider 62A which op- 
erates to divide the power of the signal between power 
dividers 62B and 620. The power divider 62B provides 
for a further division of the signal power among two Big- 
'0 nal channels, and the power divider 62C operates sim- 
ilarly to divide its signal power among two further signal 
channels. Each of the signal channels comprises a 
phase shifter 60 and a feed element 22. Power for the 
first signal channel is provided by the power divider 620 
ts in concert with the phase shifter 60A, power for thB sec- 
ond signal channel is provided by the power divider 626 
in concert with the phase shifter 6O0 t power for the third 
signal channel is provided by the power divider 620 in 
concert with the phase shilter 60C, and power for the 
&> fourth signal channel ia provided by the power divider 
62C in concert with the phase shifter BOO. 
[0021 J Control signal Unas are provided for respective 
ones of the power dividers 62 and tho phase shifters 60 
ol the network transmit portion 46A, and also for the var- 
2* iable phase ©hitters and the variablo power combiners 
(not shown) of tho network receive portion 46B. The 
control signal lines connect with the driver 50 to enable 
the driver 50 to communicate, in the case of transmitted 
signals, with the respective power dividers 62 and phase 
oo shifters 60 tor commanding the respective power divid- 
ers 62 and phase shittera 60 to provide, respectively, 
desired power divisions among the signal channels. 
Corresponding operation of the driver applies for control 
ol the components o| the network receive portion 468 
for the case of received signals. 
[0022] With respect to the operation of the antenna 
system 10 (Figs- 1 -3), the command and control receiv- 
er 56 supplies the phase and amplitude coefficients to 
the memory 52 in accordance with instructions received 
46 from the ground station 42A. The memory 52 Is also pro- 
vided with coefficients of phase and amplitude prior to 
a launching of the satellite to, which coefficients serve 
(□ define a beam configuration in the abeenoa of specific 
requests by the ground station 42A. This allows ground 
4* control to oatabtieh tho setting of any of the variable 
components of the network 46 to obtain any of numer- 
ous beam shapes. Thus, the memory 52, In conjunction 

with the driver 50 and the feed network 46, serves as a 
beam controller (or controlling the configuration of the 

50 beam 30 radiated hy the antenna 1 2. The command and 
control receiver 56 outputs two forms of signals, one 
form of signal being the coefficients to be stored in mem- 
ory 52. and the other form of signal being an addrass 
lor addressing the memory 52 to output a specific set of 

w the coefficients to the driver 50 for accomplishing tha 
desired beam configuration. 

[0023] Tha command and control receiver 66 also 
serves as a director of antenna orientation by command- 
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ina the positioning mechanism ie io orient tho antenna 
3 ! with a desired orientation relative to the body 14 - of 
the satellite 10, For any position ot in* antenna 1E. tne 
shaped reflector 1B focuses radiation from respective 
ones ol We feeds 2Z to produce beome whioh sum to- 
gether to give a scanned beam 72 ot desired cioa-Mc- 
Sonai configuration- The specific locations of the feeds 
22 la a matter ot choice in the design of the antenna 12 
tor performance* of e »pmMd mission but. in a typical 
situation the feeds 22 would be spaced apart by one to 
two wavelength* Ql the radiation emitted by the antenna 
12, and the radiating aperture of an individual feed ele- 
ment would be approximately one wavelength in diam- 

roo241 The number of the feeds 22 is also determined 
by the mission of the satellite and the amount of control 
dUrad ovar peripheral regions of the beam footprint on 
the earth's surface. Thus, for very fine adjustment of he 
footprint, by way ol example, a larger number of the 
feeds 22 would be employed. The feeds 22 may be dis- 
tributed uniformly about the local point 64 or. ri adjust- 
mews are to be made primarily in an easiest direction 
of the footprint, by way of example, more of the feeds 
22 may be disposed horizontally than vertically in the 
assembly 48 (Fig. 2). Continuous adjustment ot the 
phase shifters 60 may be attained by eimer analog or 
digital circuitry, as is well known in the constructor .of 
phaa* shifters. Similarly, control ol power div.alon of the 
power dividers 62 tor continuous adjustment ol power 
ratios may be attained either by analog or digital Qircuit* 
ry such circuitry boing well Known tor adjustment ol 
power ratios. Thereby, the invention is able to redueel 
a beam of radiation while controlling the configuration 
of the beam cross section. 



claims 



1 An antenna system (i 0 A) suitable for being earned 
on board a satellite (10) travelling about the earth, 
the antenna system including an antenna (12) com- 
prising a reflector (IS) and an array (48) of feed el- 
ements (23) which illuminate the reflector to pro- 
duce a beam (30) of radiation emitted by the anten- 
na the system comprising positioning moans (1B) «* 
operative to orient the antenna (12) relative to a 
body (14) of the satellite (10) for illuminating a de- 
sired position of the earth with the beam (30), a 
beam controller having a feed network (46) for ap- 
plying signals to respective ones of the feed ele- 
ments (22), wherein the reflector (18) is a shaped 
reflector operative with the 1eed elements (22) to 
produce a beam footprint (38), and the b*am con- 
troller is operative to adjust the configuration of the 
beam (30) to reconfigure the beam footprint to pro- & 
vwe a dssired footprint (40) on the surface of the 
earth and the beam controller adjusts relative am- 
plitudes and phases ot signals fed to respective 



one* of tho feed filaments (22). 

a. An antenna system as claimed In Claim 1 » wherein 
the reflector (16) has a radiating aperture and the 
s array of feed elements (22) has a radiating aped ure, 
the radiating aperture of the reflector (1B) being 
greater than the radiating aperture ol the teed array 
(22) by at least approximately a factor of 10. 

io 3 An antenna system as claimed in Claim 1 or 2, 
wherein individual feed elements (22) of the feed 
array (43) serve for adjustment of a configuration or 
a cross section of the beam (30). 

is 4. An antenna system as claimed in any one ot the 
preceding claims, wherein power fed to any one ol 
the teed elements (22) is adjustable relative to pow- 
er ted to another of ine feed elements to establish 
a configuration of a cross section o| the beam (30) , 

5 An antenna system as claimed in any one ol the 
preceding otaimo, wherein a lead network (46) ol 
the beam controller comprises a power divider net- 
work (62) having a plurality of variable power divid- 
2& ers (62A. 62B, 62C) distributing power among re- 
epective onos ol the feed elements (22) for adjust- 
ing signal strength among respective ones of the 
food elements. 

30 e. An antenna system as claimed in any one of the 
preceding claims, wherein a feed network (46) ot 
the beam controller comprises a plurality of phase 
shifters (60) connected to respective ones ol the 
teed elements (22) for adjusting phases of signals 

3S of the respective feed elements. 

7. An antenna system a3 claimed in claim 5, compris- 
ing a memory (S2) storing coefficients for directing 
division ot power among the variable power dividers 
(62A, 62B, 62C), and for directing phase sh'rtts im- 
parted to signals of the respective feeds (22) by re- 
spective ones ol the phase shifters (60). 



6 



PAGE 20/24 * RCVD AT 8/23/2004 12:30:26 PM [Eastern Daylight Time] • SVMSPTQ-EFXRM/O * DNIS:8729314 * CSID:3109640941 * DURATION (irnn-ss):08-06 



AUG-23-04 09:39 F ram : HlJGHES LEGAL DEPT 



3109640941 



T-871 P. 21/24 Job- 



- EP0 91B529A1 




FIG.2 



6 



PAGE 21/24 • RCVD AT 8/23/2004 12:30:26 PM [Eastern Daylight Time] * SVR:USPTO-EFXRM(0 * DNIS:8729314 1 CSID:3109640941 * DURATION (mm-ss):08-06 



'AUG-23-04 09:39 From: HUGHES LEGAL DEPT 



3109640941 



T-871 P. 22/24 Job-056 



EP 0015 529 A1 




7 



PAGE 22/24 1 RCVD AT 8/23/2004 12:30:26 PM [Eastern Daylight Time] < SVR:USPTO-EFXRF-1/0 * DNIS:8729314 < CSID:3109640941 * DURATION (mm-ss):08-06 



M&-23-04 09:40 From: HUGHES LEGAL DEPT 



3109640941 



T-871 P. 23/24 Job-056 



EP 0915 529 A1 



European *M»m 
Office 



EUROPEAN SEARCH REPORT 



*ppllc*(Jo* Number 

EP 98 30 9113 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CfHOQOry 



Ciwtion Ql (Jocument wttn indication, swnere appfopfime. 

ol foi&van) pasaaflaa ( 



Roiovam 
ta Claim 



p.x 



EP 0 845 834 A (LORAL SPACE SYSTEMS INC) 
3 June 1998 

* column 2, line 42-52; figure 1 ♦ 

* column 1, line z-z7 * 

US 5 355 13S A (CANCES JEAN-PIERRE ET AL) 
U October 1994 

* abstract - t ftoures 1-6 ♦ 

US 5 115 243 A (ROEDERER ANTOINE) 
19 May 1992 

* abstract; figures 1-7 * 

US 4 965 588 A (LENORMAND REGIS ET AL) 
23 October 1990 

* abstract; figures 1 ,2 ♦ 



1-4 

1-7 
1-7 
1-7 



H01Q3/26 

H01019/10 

H01Q1/28 



Tho present oearch report has Daen drawn up (or ait claim* 



HOIQ 



MUNICH 



Baa «r wtnrttiw «f m» Hifcn 

12 Harch 1999 



Felgel-Farnholz, W-D 



CATBOOBV OP CITED DOCUMEMTS 

X : p*rtiolwty rctftvw* H ufctn nfcnt 
v : Srteulftf* M(#tf«m rt *>mw»d win tnomw 
qoo*wu oi ir>» «wn« category 



T : iNkoiy «f prirwolft wndwiylnQ m# hw»rt»n 
E ; Miter patarH tfccumtrt. puOlWwd <m, or 

fttt* It* liflTO 4*1* 
□ : 0ocunwn efto m tht ipplBitlan 

l : aacufflDfu clioa roi wrwr rnannv 

'£ "■ ' mi'mbcr • «i i tnt Mtiia paw rt family. MnsspQwiina 



PAGE 2304* RCVD AT 8/23/2004 12:30:26 PM [Eastern Daylight Timer SVR:USPTO-EFXRF-1/0* DNIS:8729314« CSID:3109640941 • DURATION (miHS):08-06 



c AUS-23-04 09:40 From HUGHES bEGAL DEPT 



3109640941 



T-871 P. 24/24 Job 



EP 0 015 529 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO* 



EP 98 30 9U3 



,his unrtt* lists mo pawm family member* latins w <h* paienj d&cum«m» chad in above- r™mnaned Eur^aan search /eport. 

tha iMMMrt are aa contained in the European patem Office EOP we on . 

?h! eSmm ^Si?o u in noJy S&te tor the* pa/Kcu** wn.ch «,» merely B .ven for ,h* pu/poea of mformaoon. • 

12-03*1^99 



Patent <*ooum«ri| 

cited in wareh roport 



Publication 
dare 



Patent family 
member^) 



Publication 



EP 0645834 A 
US 5355133 A 



03-06-1998 
11-10-1994 



JP 10247813 A 



14-00-1998 



DE 
DE 
EP 
JP 



2695775 A 
69315776 0 
69315776 T 
0587249 A 
6216817 A 



13-03-1994 
29-01-1998 
28-05-1998 
16-03-1994 
05-08-1994 



US 511 5248 



19-05-1992 



US 4965588 



23-10-1990 



FR 
CA 
DE 
DE 
EP 
JP 
JP 

FR 
AU 
CA 
EP 
FI 
JP 



2652452 A 
2026066 A,C 
69003215 0 
69003215 T 
0420739 A 
2662034 8 
3207104 A 



2628895 
3144689 
1298651 
0340429 
891223 
1276803 



29-03-1991 
27-03-1991 
14-10-1993 
05-01-1994 
03-04-1991 
08-10-1997 
10-09-1991 

22-09-1989 
21-09-19B9 

07- 04-1992 

08- 11-1989 
19-09-1989 
07-11-1989 



sl — 

£ For mora dolatls aftout thte onno» : eae Official Journal of fhe European Patent Office- No. tzra 



9 



PAGE 24/24 1 RCVD AT 8123/2004 12:30:26 PM [Eastern Daylight Time] ■ SVfcUSPTO-EFXRM/0 * DNIS:8729314 * CSID:3109640941 1 DURATION (mm-ss):08-06 



